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(54) [$8gH©£*W /'Mry h-^-XWMJStt^HS^Sff^ARQ^Dhn;!/ 



(57) 

^2©^Pha;KOPDUs©3l©tr 
ft LTgiJ* ©©ISttW^&ftfc-rsiB 1 (D-fa hn)V 

-kttl"f irT**iB3©:/n hnjKOPDU s ©#ffl£ 
f&5£U ®20^Dh3;V (L 2 ARQ) <Dt-9 • 

n-xy h*^tf)t8$nfcx-^*iiKR-r«^2o^ 

DhnjKOPDUsC^T. m2©^ r D (L2 

_arq) ©PDUsofflfsttu^^gu^^aje-rs 

V<i Win h3;K0x-^ • hfcHLMIiiST 
chairs*. 



FOU3,PR0T. 



IDENTIFY POUs 
OF SECOND PROTOCOL 
THAT BELONG TO 
ONE F0U OF THIRD 
PROTOCOL 



CLASSIFY THEPDUt 
OF SECON0 PROTOCOL 




CAT. 1 



CAT. 2 



V, i 


. ( S5 


SET A DIFFERENT 
LEVEL OF REUAQLTTY 
FOR POUs W CATEGORY! 
THAN IN CATEGORY 2 




SETTHELEVR 
QFREUABtLTTY 
WDEPENOENTIY. 
OF CATEGORY 



(2) ^2 00 2-5 28 9 5 9 

[mtlK 1 ] £ 1 JlO f ^2^ii#7 P n h u )V ( L 1 > L 2 _A R Q) <D% 
l^T^oT, BirffifcifliHg^n (Ll) I3\ fcSWfcg&RfcaDfc 
lfflffi&2 0?7°n hn;p (L 2_ARQ) <&f-* • J--? h OfclfctSI-* £ 
#c7)£llij£^-x.& miS^2c7?7'n h rnw (L 2_ARQ) <?)f-^ • J- 

$2©ynf3^ ( L 2_A R Q) fi, fi5 3 <7)7°n h n ;u ( L 2 F R AM E ; 

L 3) <7)t*-? • a— y h^mfffifM <7>7°n h n ;i/ (L 2_ARQ) <DT-9 • 
x.~y h^<Vfrmtttit£%i2(D7u (L 2_ARQ) <DT- ? ■ f> 

mZ%2<D-?u (L 2 _A R Q) • h £^tf £^ S tl£ 

f-^ffiii (L2_FRAME<OPDU; L3^PDU; L 4 GO P D U ; SW) 
^Ji-r^|trIS^2^)7 0 n h njv (L2_ARQ) ?)^tl£><7)T- ? • y h £ 

mie^^^tl^f^-^ltit (L2_FRAME<7)PDU; L 3<7>PDU ; L4 
WPDU ; SW) KmtZ>mmm2<D7u h?)l> (L 2_ARQ) <Dt-? • «a 

M€-r^§HirfE^2(7)7'D (L2_ARQ) £>*l£ 7*- ? • 

^ f^IfStf'fflf^Lt, BfrlE^l^)7°n h=r^ (Ll) <^#«W^ 

flSai (L2_FRAMEcOPDU; L3WPDU; L40PDU; SW) KJg-f 
*|iII5^2 <7)7"n ( L 2 _A R Q) Of-^ • J--y h OjtH&OVXfi 

If M i-^LT, mi s#^t£ v ^ ;u £ SO * k R^-r & £ t *<-e § & 
KffE* 1 0 7°n h rrju (Ll) K<fc «J f>tL*mfl£f JEW-l^Wi, film 



(3) ^2 00 2-5 28 9 5 9 

lftffiSEft3*lfc7 !r -**ift (L 2 FRAME<7)PDU ; L3(7)PDU; L4 

C0PDU-; SW) »i, fltf!B^3 0 7'a h=r;v (L 2_F R AME ; L3) ©f- 
* . jr- 7 h^v>Lllrl£^3c07 5 n h =r ;K7)±<£> 7°n (L 4) <T>r- ? • 

npi2^f^j- (gpw, spw) wftfczti. mufrmv&mit 

, mum \<D1it =f; - (GPW) !frfEfl3c7)7°n ha^ (L2_FRAM 

E ; L 3) <D-m<or-9 • i-y hHJi1-^frlE^2<7)7 , n ( L 2 A 

RQ) <?>-&®<vr-9 • h*-£tN HUES 2 O 7° n (L 2_ARQ 

wf-^ • h -cawt 3 *u ^> iria»2^*r3"j- (spw) ^> «r 

3 (7)7*0 hajp (L 2_FRAME ; L 3) OiffE— l^f- * •a-^ 
fc||-f4lt&SB&2<Z>7*n haju (L2_ARQ) ©ft^)f-? • .3.-7 h 
tf, BtTl£^2(D7 e n h n;v (L2_ARQ) <0, B&toWtb^iWL&frhJLX 

- (spw) or-? • ho#^i4v-^^^> flrSB&3W*«tt£Jii:fc 
-e*Lf>ofE^^iistt^frffi»io*T3";- (gpw) ^f-^-a-^c 



(4) ^2 00 2-5 2 8 95 9 

mmfcv&fttt, ftmM-r2>&%tf&2>mmiv>*T*v-- (gpw) <d 
m*m 7 1 mtm 3 tmvmn&WK&^x, 

mifrm<V%LMte, Ttfff£»3<7)7 P n (L 2_FRAME ; L 3) (DtHU 

tm%t, mmmit. irte^^yn (l2_arq) fs)£^Ji# 

%,3<D7°u )V ( L 2 F R AM E ; L3) <*>liirfB-H@0 7'- 9 • h <D 

^y?KM&L, fro, mtm2<V%'T=?') -li, iS^^a h 3 )V (L 2_F 
R AME ; L 3) wmU-mwT-? • y h<7>^ d — KHMilT^ 

* )\s £ > in i aim & g& * it £ it % ^ ^ fcm<o^mmm ie ^ 2 ^ * r 3"; 

HiTE^2<7)7°n J> (L2_ARQ) (i, fem^ tifcm$L<7>mMt ? t 
y hft^l^y b*m^& (SW) t Uffli^^C, ittrEH 2 <7>7'n h n )V 
(L 2_ARQ) ^)*fW<7)f-? • JL-y h^i^#$tl^€WHtrlSii# 

mifc^Zfcfcr- 9%t& (L 2 FRAME^PDU ; L 3 (7) P D U ; L 4 

opdu ; sw) li, tfrfEi£H& (SW) 



(5) #^2 0 0 2-5 2 8 95 9 

(L2_ARQ) <D^x.htlt:T-? • Y<Z>W&MV>®&tM& : -r& 

[i*ai2] nw2«yo hn^afs^ot, mis 

(L 1) ti, B^ttfc«iR£»tfcllirS#2 4>:7n h=r;u 
(L 2_A R Q) <Dt*— 9 • i-y h^ji*«ai-4fcie>«?ftfl!l*^-x.4i:* 
mi%2<D-?U (L 2_ARQ) Ot*~? • axz.y hV&i&KMLX 

'J?%<bi> 2 wm**>fe1&fel>"<)i' ffimm2 07v hn;u ( L 2 A 

RQ) it, W,Z<n>-fu ha^ (L 2_FRAME ; L 3) 

ltlS^2<7)7 s n Fdjv (L 2_ARQ) Of-* • jt.:=.y h^<7)##!li: mTffi^2 

O/o h n ju (L 2_A R Q) 0f-?-^--y h <7)??M# t Co^TORIII £ 

HifISII2^7°n hn^ ( L 2 _A R Q) Or-? • a.-? Y «r£tr fitz 
T-?m& (L2_FRAME<7)PDU; L3<OPDU; L4C0PDU; SW) 
K&-rzffinm2<r>7v ha)V (L 2_ARQ) 0**1 7*-* • h£ 

, mn-rzmr&m (s d ^ 

fltrffif-**jt (L 2 FRAME^PDU ; L 3 0PDU ; L 4 P D U ; 

SW) KJg-f &BHE^20:/n h rnv (L 2 _A R Q) <Dt~? 

5Wh»b (s 2) t, 
m%&iiT3v-Kfrm$titzmu?-9mfe (l2_frame^pdu; 

L3<30PDU; L40OPDU; SW) H^1-^mTieH2C07°D Y u )V (L 2_A 



(6) !H5fH200 2-5 2 8 95 9 

14v^;p*J5!l^tKS6i-4ttfl6*^i.4aS (S3, S4, S5) t 
fflB» 1 £>7°n h =r;v (LI) «fc «9 ?>*L4 HjfM*H4l"S/Hi, fej£H 

4] 2XI11 3E«c<7)iI##£K£^T, 

ttffi5eltS l *lfc7*-*flNI (L 2 FRAMEOPDU ; L 3 <7> P D U ; L4 

<7)PDU ; SW) tiU Irfetl3<7>7'n hrr;u (L 2_FRAME ; L 3) <7)r*- 
9 • i-y h*^ LfrfE^3^>7'n h =r ;K7)±<7) 7*n h (L 4) <Dt-9 • 

1 5 ] 11*51 1 4 IEfi©>HI#tefc*JV>T\ 
*lXtf*2<3*f:/'J- (GPW, SPW) ifflEfrSO&fllHi 
, tfrlEfclOfcrr/'J- (GPW) BirlS03^7'n hrr;w ( L 2 _F R AM 
E ; L 3) (D-<B<Dt-9 - M-H1-*fliMEJfc 2 O^n h ;u ( L 2 _A 

RQ) »f-^ • h**tr, Iff f £11 2 O 7° a h =UU ( L 2 _A R Q 

<^t*-^ • h-cfius?*L, ^o, flrfa# 20*7^1) - (s pw) ^\ mr 

f£lil3?>7°n h u)V (L 2_F R AME ; L 3) <7)itm-'fS^T ? - ? 

Km-r&mim2<D7u (l2_arq) «<?)f-^ • h£-g- 

tf> HEi2 0^nh3j|/ (L2_ARQ) tejlOJI^ t 
[If l 6 ] IS#^ l 5 E«oiH§;&ffifci3HT\ 



(7) ^2 00 2-5 28 95 9 

kt-jv- (spw) <dt~? h<oMM i &i"<)\'Z* m^M^mm 
zmctzZfcb^Bm^M-mmtzm 1 ^ar^u - (gpw) <dt-9-3- 

UtrfB3rSe<0*fMi, S3H81-4^K* ? *4«rffi*l^*r^';- (GPW) <t> 

8] TOl 4ffi«oa#*ft»C*^T, 
mrl£^IS<^maiJii. Htr!5^3<7)7'n fnji/ (L2_FRAME ; L3) ^ifE 
— 1B«)f- * • 3.— 7 h<D&Wtth* ? t y h^^Ltf 7 Y <7>^&&S!l*<7>iSffl 

tMfcu mmm&s mum2<7)^u (l2_arq) <n, &m<Dmft 
b»o«^t>iT, ii»##o#7*- * .3.^.7 M;**i<eft#j&-r* 

l3^ynFa)l/ (L 2_F R AME ; L3) <DlftU-ffl<Dr- 9 h<7) 
^7 fCMlU t^o, mieU 2 <D%t*V -fi> i3(7)yn h 3 ;u (L 2_F 
R AME ; L 3) <DlRtt-te<DT- ? • ^ - 7 h<7^-f n- 

[tit** 2 1] 2X(il 3»ioai*ftK*i/'T, 

BtrieS2 (7)7°n frr;v (L2_ARQ) li> 5ei*3 *Lfc«ft©i«t4* * r 
7 hfc^Lfcf? (SW) i LT€*-r*fc*C i»ie&2<7>yn h =7 



im2 002-528959 



)V (L2_ARQ) (D^^^r- • Ji-y h <7>W®2 tlftflft^lBfi 
flJriaSE*$itA:7*-^*j& (L 2 FRAMEOPDU ; L3C0PDU; L 4 

<7>PDU ; sw) tiu (sw) 
n&fafrso&flim, its (sw) «it^ao t yxiitE$2(7)ynf 

=r;W (L2_ARQ) <D^k. h tltzT- * • V h <DWMM<V®&t H^t* 
[m^H2 2] if $£2 Hfi^^ii#^&l^3V>T, 

[ff#Jl2 3] »imTO2^)ii#yn fnjl/ (LI, L 2_ARQ) <r> 
llfS-eioT, ffiIB^l^>ii#7 p n hrr;w (LI) fi, il^^ID 
7tlirie»2(7)7 e n fn^ (L 2_ARQ) <7)y>W • J--? h <Dii^%M-f^ 
tzSb<D%Lm*5-iLZ> mtm2<D7v hn;i/ (L 2_ARQ) C9f*-? • 

U%i2<D-?u Ya)V (L2_ARQ) Ji, |3«^nf3^ (L 2 _F R AM E 
; L 3) <DT-9 • h OfrlB^ 2 <7) 7°o ( L 2 _A R Q) £>7*-* 

• J- - y ^<7}#*ijt]frf£ff5 2 0 7"n hDjl/ (L 2_ARQ) ?)f-^ • 

BiT!e^2 07'n Fnjv (L 2_ARQ) ?>t- * • .x-? h < fc<b£l 

S^2^)5!;frf , J-^it4»S^-3T, HirlE^2<7)7 0 n h =uu (L 
2_ARQ) ^^ftfcr*-? • h^mtZfrm*. BfffEfft 2 <7) 7n h a 

;u (L 2_ARQ) <7)frf5^x.<o*l^f > -^ • hriM:^* > M:^oti> 

*Htr£#3tf>7*n (L 2_FRAME ; L 3) ^)f-^ • J--v VK$i 

S#1-<§frlfi^2 0 7n h (L 2_ARQ) <7>r-? • ar.? bOiHt 



(9) ^20 02-5 28 9 5 9 

SWilCMLt, mumi Ofn (L 1) <Ofcm&V<*ri>*&'fct* 

(L 2_A R Q) Of*-* • h^IfWXtiSM^LT, mm 

2 <DiJ t 1 x ) - KM>-f %>1ftUm 2 <D-7 v (L 2_ARQ) ©f-^ • ax 

Htrie^H^(i> BtflS^SO^o h a)i (L 2_FR AME ; L 3) Of-* 
Hi*m& loX(2 2oJ,;Jl±Ofli^07^-;uK£f3!<^ ZtiKl^x 
mm2(D-?u (L 2_ARQ) Of-* • h *mtm 3 Of n h 

n;K7)f-* • h rt 5 frtfl?tt£4> OK frill" <t^-<?§^ 

W*m2 5] ff*3l2 4f5«OiI#2£gK£^T, 
mm3<7)7u (L 2_FR AME ; L 3) OittffEf - * • Mi 

, n- Ko-fe*-> 3 >t £;BJtU -£0^ 7 *~#7°n h 3 7 

-JW K^-^tf -£0^ n- KO-b7-7 a ml IE ^ 3 Ofn FdjI/ 

(L 2 F R AM E ; L 3) OfliffSf - * • h 4> *U§& Mia* 3 

Of n ]- (L 2_FR AME ; L 3) <£ *) 4) ±ftO W -f-C& & f n h ml/ 
cof-^ • McflU, 1 oXIi 2 oJ^Jl±of n h 3;H&Sij7 a -;v K£-£ 
&#&*>0-e&*K ^o, ^#^^H^^^mllE^T^07^-;i' KWt, mie^ 
7 **4 , Ot?II£f n h 3^«Hl7>f K&WSE^W n- KOt^ya V(Hc-£ 
ttlfc 1 oX(±2o^±of n h3jHSj7-f -;u KO^ 4? 4: < k &-o£ 

[ff$«2 6] If*]® 2 4Xti2 5fEicOMI£lK£^T, 
fr!ES3 0f n fnjv (L 2_FRAME ; L 3) OlffifBf-* • < 3.j=.y h 



(10) ^2 00 2-5 28 95 9 

flifie^ 1 co*r^'; -ti> ^£^&#T^fillO±i£W J r<7)7'a Fn^ (T 
C P ) co r— 9 - a-~y Y<nw&%*mfct2>mmmi<v±.fiLi'-( J r<V7'u 

;U (TCP) cor-? • h ^^1-^1trie^3 <D?u hnjl/ (L 2 F R 

AME ; L 3) <vr-* • hO-b^^ > h"C*4frSE*2 O7 0 n h n ;M 

L 2 _A R Q) <7)r-? • j.- y h£#&> ^o, flrK&2 O^r =T'J -li* £ 
2<7)±ft W ^O^n h=j;v (UDP) ©f-^ • a- y F^Bll^^L'S: 
</MRffi8 2<0±#W ^<7>7*n h (UDP) Or- ^ £&&-f & 

fJ!BS3c75 7°n hn;w (L 2_FRAME ; L 3) Or*-* •J-^n^-b^^ 
> h-e$£jfflfB&2 c7)7°n (L 2_ARQ) Or*-? • hSr^tr 

€»(14tt£#gMU miS^2<?)*r =r«J -4>c7)mi£^2c7)yn h (L2_ 

arq) vymtzr-? • 3.-7 h<D@mt&i"<)i<&, mumi^^Td-^ ~^<o 

mzm2<D7u h?)\s (L2_ARQ) O^fSr*- ? • y h <*HgJ«tt * 
(L2_ARQ) iJjt, M<WtfctZ>± o HfflHftSflTV* 



(11) ^2 002-5 28 95 9 

[ 0 0 0 1 ] 

4?ft< «b^^l^TO2<7)ii#7 p n h3;K:II,^S (implem 
entations) U ^o, ±tWVCi4i3©yn f3jv«)PDUs ( p 

rotocol Data Units) *Tffi I^W •VC*4«rie»2 O^d h P D U s 
t!lU ^o, **tt>TftW^PDU s £HfrfBf&l <A7*n f3JH:tottt! 

ta unit) ^)/:fc(7)I|iM0'-I|tSi:|lt^ 
[ 0 0 0 2 ] 

fc^itKJ: «9 2oi?)i^|lf|-ef-^ • h (^ta units (^*l-r*l-5cfiO 

£5i^f£ (two implementations) (i > W\^<7)i><7) (peers) KJg LTV>4 & 3 
*l*o #93*B*-Clix ffiJt±, f-^-J--';F (data unit) ^t^nhn 
f-^ . h (protocol data unit ( p d U P D U s ) 

7 (the finite data carrier) fcjf-j- £ -f& 0 fcfc'U ^£&7°n 

9 — h ' 7*n h n ;v (I P (internet protocol)) <oT-9 • a- 7 h 
^-•7 h fclf tfjKTVfcOfctt'L, ^Wh-y-^O^yo^^ (P P 
P Cpoint-to-point protocol)) cor-* • y h fi 7 A Df if *iTi/>* 

[ 0 0 0 3 ] 

Sfcfc, ^l,ynFDjP^PIM (layering) <fc < fcjf>*iT^* 



(12) 3#3I2 0 0 2-5 2 8 95 9 

o J: *ltf, $>2>7u W)],<Dr-? - hit, *l4B*fcJ3!| 

3*l* 0 uCt, ( "embedding- ) offlggfi, frftj (segmentatio 

n) fcJnx.T«£L (encapsulation) ^&#££U£*flJg-CJfe4 0 
[ 0 0 0 4] 

MW<£*9v? (stack ) &jj*Lfcl2-e**o ££>0 

> teMfM$P7°n hrr;i/TC P (transmission control protocol) fcijjfcio L 

i>&& 0 L 2_FRAME(i> L 3 <0 P D U s b&^lU L3<V? 

D U s $:fitl) 'J > * • W "V • 7'n h 3 )V ("link layer protocol) K^fc 
So :itv>o 'JV^'Wt-^nfB^i LTfi> mix. if , *V > h • y- 

• *K>f > r • 7°n r 3;i/p p Ptfg-if £>ti, jK>T > h • 7- • #>f > h • h 
— jftfc, GSM (global system for mobile communication) %)fe\,z$t 
oTi&ft-f&^T AKM^TllI^tfcStlfc-r-* (circuit-switched data 
) JBfcttffl3*l4o fltOWtfCtt, GPRS (General Packet Radio Service 

; GSM 0 3. 6 4a»U*^TSS*$*L"CV»* 0 ) ffl^ffifflS*L4LLC ( lo 
gical link control (ngij y*Wffi) G SM 0 4 . 6 4ft*fci3^"Ciefc3 
tl"C^& 0 ) W-CDMA (wide band code division multiple access ( 
&ftJ*lf^#«l#7cSMfc) ) ^S, L2_ARQ(i, L 2 _F R AM E CO P D 
Us*J:»J/hSi/>L2_ARQOPDUsi:^St4ut*«-C#, ^o, ^tL?> 
L 2_ARQc7)PDU s fc2r3v>"CiS&l?&l?$ (automatic repeat request) 

(ARQ) i(is 3r^#T"C<?)PDU s o£ijl#&ff j£M (retransm 
ission) ^^ynh3^t*-MT^iii*il*ti'{»(0'C*4o L2 



(13) ^2 0 0 2-5 2 8 959 

_ARQ<?5 7 t n Yu)V<n>mt LTfi, G S MH£v>T®j&£ft$ tifzT ~ 9 ffl 
&m ZfLZMf&V y 9 • "fu Y a )VR L p (radio link protocols) , GPRS 
fflfctefflSftS&Sll'J >9faffl7v r=r;U (RLCCradio link control protoc 
oD) > RtfW-CDMAfflfcttffl^tliRLC P (Radio Link Control Protoc 
ol) A«*4 0 

[ 0 0 0 5] 

L 1 li, #-<7?L 2_ARQ4>PDUXIiffi8tf>L 2_A RQWPDUs 

^i^mmmmttKmmvj*? • r a/v/XttttSfefcaLw-v • xn 

©ll^CSfci. i<OLl^^nh3^li, L2_ARQOPDUs <7)fciiK 

LXmffi-t^Z t)O-C** 0 L l^Xo ha^ffji LTtt, FEC/nfnji/ 
(forward error control (mMMM^^MW ) *L<li«*iHyn h rr ;w 
(power control protocols) XttM#Oja^*«** 0 Wx.tf, mriSMM#-^ 
flSMipoS&JK (strength) £OVXfi> i£M (fci£) 

> l^l»i^<?)L 2_ARQC0PDU s *«f|1-* -I t tfXZ 2> 0 

ffl-*-*>*#&*l9*§ 4 t LTti, CDMA5£L< tiW-CDMA£J3»t4 
(spreading factor) ^ff , <7>^ > ^ i; _ y (the interleaving d 

epth) % v> L7>Ti~<7)9J s*-i/T J (the antenna diversity) 

[ 0 0 0 6] 

fc/iU L2_FRAME07'nF3jHiBW^ < i)^^ L3<7)ynF 
fcS-fr-f fi^L 2_ARQOXn Y n )UK £ -oXfrm-f & Z k i> 
[ 0 0 0 7] 

LlO^nhnjHi, Ztl?ti<DL 2_ARQOPDUK#LTKSe1- 
^ § ft U ^ ^ £ &5eT £ JKfid £ Jfeffl * ■=■ X -is (adopti on mechani 
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[ 0 0 0 8 ] 

±J£<DJ:$fcEiI (arrangement) < o*oW«*5l fcfei^fl&te* 1 

, L 3<7>7'n ha^L 2_FR AME/L 2_A R Q HftoTSffl S tlXl* L 

2_ARQ±Kfi48affl**LTV>*S|^K*^T, L 2_A RQ0 7°n 

L 2 _A R Q<7) P D U s OSl^iC J: V) L 3 O P D U^fciljDlftftil® £ & £> 

ffl^^<^MJBSrfei L#& ^f^Jo itlHo^T, H3fcji*Lfc 
B&H * W # KfcJS L^^MWt&o 
[ 0 0 0 9] 

&TOg£fJHT«t, L 2 FRAME^PDU s ri s L 2_ARQ07°n fajn; 

*oT4MRl3:kTv>**^*ffijEl-*o fc£U a^Kifc^fc J: $ fc, L 3 <D 

[0 0 10] 

H30a) -Cfi> -o<75L 2_FRAMEOPDU£^LT£i9, C10±telx' 
-f^OPD U^flES (given) JjtoL 2_ARQ«7'-^ • a-? 

So MI?)ftS«^:ftK, -etL^<7)L2_ARQOr-^ • ~y r<7)} 

L 2_F R AMEOP DUfi> L 2_A R QOr- * • x.- y h*«BE 
£<7>:g3 (a given length) £ ^ LfeiiiS® £^ LTn & 0 2 3 LT , 

K^Ofeiijl® (a given transmission delay) > gE5e<7>S £ L 

[0 0 1 1] 

@3<7>b) K*tJ:^i:, ^cOJ:?4WJB**jlSC:f)#4o L 2 _A R QOr- 
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9 • h a *ffa#L4»t*U**fcfcv>«#fcJi, L 2 _A 

_FRAMEOPDU<02M!j&«L 2_ARQ(7)r-^ • jl- y h-o^^feiiil 
$£#/itfiI£>?*i& 0 Lj^U L 2_FRAMEOPDUOttti:*4E-tb £ 
ttLfcL 2_ARQOr-^ • J.-? h£«M€L&tftltf££>£v>S§^Ktf, 
tjLtioTL 2_FRAME^PDU^)Sf^L 2_ARQV^f ^co—jM&fffl 
(R T T (round trip time)) #/i*tiI*> $ *l* - <h K%2> 0 W 'YO-JaiSM 
RTTIi, |W|#^*><7)&M&-<!: (sending peer) J: & ^ WY 
7)7*-* • jtfe^O^* (the other end) ^f^^^^f 
ttT (receiving peer) ^ t, ti£r*- * • ^--7 h^tfLfcit^Blgt* 
SHBjfriM ?-t--? (acknowledgment message) kffl*$<oi><Q'£%z > z.bK£b 
ff^, Wi:gati«PWf*4«, L 2_ARQ<7)RTTfi\ L 2 A 

r owmmmmx ^ *>^i:gi>, 

[0 0 12] 
[0 0 13] 

L 2_ARQtm^Vi><7) (L2J\RQ peer) #&iji#<7) y u -$ijfp (window-ba 
sed flow control) tTv^ ->*r A fcfcuftt, fllOHari^ £*flTfll 

Wi. W^)7D-Mii:lt JSfcI<&#«"e*»K ( se 
nd window) t ft- I* tl&^tbfctb t> itfcJfcOjBRI"* * * r ? h (octets) 

> *MJ&#*> (unacknowledged (SHtlSSto***?? ft/TV *v>) ) 7* - * • a- 
M>T, •JL-'y h#ftt^g#$tl££<t (safe receipt) <t> 
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WLK&^tiXoK, Z<Dto&ttMtoV>ffll!i'C$>l), Mlifs TCP/IP Illustrated 
, Vol. 1, The Protocols, by W. Richard Stevens, Addi son-Wesley Longman, 
Inc. 1994 fc|B4r3*iT^& 0 Lfc^oT, 3 h ^UW*t2>'&% 4> 4v^ 0 
[0 0 14] 

&Jji&0 7n-$iJip£fiJffl1-& L 2_ARQt^O<)Otw^^T, 
*i£t!) ? L 2_ARQ tm$<Di*<Di£M+i>Z. tKX&££&!8-WZ1(iX\t*r&\t* 
L 2 _A R Q<Q P D U s <D'*v 9 - n y • u\d- (back-logged copies) 
(send buffer) *««v^< § *Lfc«fHtt, 1>9# (sender) ft, 
|?f^*L 2_ARQ^PDUs * ! b]ai4ii:**'CS*^o iOifc*H9 tMJI 

LT jo >9 > Z<VMX*ii, 14i«Lfc-I^PDUs^LT*4, g,| 
|£0 7a-IWfllMJ:*itf, 4fl§d*fe 1 0il(/)PDU s fc-g-tf i><Dt LXtf L 
U^IfgSW<7)£jg (4#1<GPDU4) j£fb*l^o£#^£ti£P 
DU 8 K^oTHfttLTfr <o @9^Kii, lfll J&*fc 3-fil*>P D U s rt'S 
btlfr-Dg^l&i&ZfltziiOt ^oTl^^ 41® §<7)P DU 4 
SWLt^S, iiT?Oift^tci3V>T{i> «£±, SHI 

[0015] 

Mlfrgli3*lT^fcV> (4i@§^£> IHPDUs (older PDUs) , 

(7fll#>& 1 Oil©) ^PDU s (remaining PDUs) t*,^-f&^(Dt 
&2>Zti>X-£2>o i^t, (7flB^^10fllO) ^PDU s W\ 

[0 0 16] 

WT<9«fc ^fcft&Kis^Tfi, ( stari ) d t *«*4 0 

3HISM>*IBPDU (the oldest PDU) (£<0flhNi4«l) fi, IE 
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<&J6«P* t 4^IS«J, *<Dtik<OZ h%%> PDU s OfK&j&^^fclfijLSftSo 
%^tzt>K&m?2> (Jt4 4) o ItTE-Jl^H^Se^J (the order) 

[0 0 17] 

£*l&OMJK*#fc-*-*J:*fc, L 2_A R Q W ^<7)#£ 

[0 0 18] 
[0 0 19] 

*S&(flfcJ::ktf, &2<a:/n hnjvoPDU s £M&K^£-oT^&&SU*<7) 

^T, ±^WtT^I)i3(7)yo r 3Jl/©PDU s coMJ (segmentation) £ 
HiTlS^2oyn h3^»gL, H2c7)7'n h a ju (L 2_ARQ) <0PDU s 
^fittl/^JV^, W|2©^nh3jv (L 2_A R Q) Of- * • J- - y 

ft LTS!i*K &£*>K, (capability) #agAS*l&o 
[ 0 0 2 0] 

i^L/^O, 1-£*>*>> (transmission power) , iiiiM^M^ITIE 

(forward error correction) > Jgffc^ (spreading factor) % gS£<7M > ^ ij 
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-7 (interleaving depth) , V* LT VftOf'f ->r A (antenna 

diversity) |£<7) N JjM&&^ f>t9>43fSOJ|ft#*H*v»T, f!Iffl-f*it*« 

[ 0 0 2 1 ] 

U$ L^$iMrMK£tH£, H2?)7°n hn^PDU s 3 fiTtf 

i2(7)7"n h=r;VcoPDU s KfriflS 3 *>7o hnjl/ 

<7)PDIK 1"£;b*>> ±<D&ffimmx~9 i )-®V>L 2_FRAME^V> LL 30 
PDUi?tl& 0 *$&lpifi, L2_ARQWPDUsC^L, HB«> 

L 2 F R AM E (*^LL3) <*>P DUK*3»t**ftf><aftSfc<9Mftfc J: ij 

, l ioigj«tt^^*ai4rtKSEi-*ttfi6*iitt-f * 0 -f hbol 2 

_FRAME<7)PDUHJiT&L 2_ARQ7n h3J^#f-? • Mi 
> -?-tl^L2_ARQcoPDU s#HBOL 2_FRAME<5DPDUI*]H&&i: 
^^**tf*L?»L2_ARQ©PDU8 M^ffl£HM*>4M«tHM-r4«FSE 
<A#14 (specific properties) £j££TK5e3 ^*l<b?)#j|1141/^;v£ 

[ 0 0 2 2 ] 

£0*ttJ&KKi3V>Tli, l3^oh3^ (±©L2_FRAME^LL 
3 £J&1") <7)-HB<*>7*-* • ^--7 h II jR T^^2<7)7 P n h =?)K7)#t-^ • a. 

classified) , f LTtftt, ^tLf?^2 O^n r 3A/©f- * •J-x 7 H:M 
L T 4 * r =f 'J - % H SO * H * * KSeI" & ffirlB14ffi**Jttt 3 it 4 

o 

[ 0 0 2 3 ] 

Z.<0%mb%<0± «3#f £ L^ii<D (preferred version) KXtiii, m 3 t H 

3*1, ^ 1 5&*L 2 F R AME L L 3 0f-^ • .x-y h^fr^fflJ^ ( fron 

t part) fcRLTViL 2_ARQ(/)f-^ • A-y rfcl»ftT**:#fc, £2 
<7)*r=fU - ^^^C^oX (come towards the end) L2_ARQOf 
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Z.2tl2>%m%&WZm!2>Z.ttf^£Z>o Zvm&iU b (03Ob) #SB) 
#0 <£ 9 ft±fSL 2_ARQ(0f- ? • h K^>^XHM'\&<D l^;i/£[p]± 

t^J: ^ ±=EL 2_ARQ<75r-^ • 
Ot\ L2_ARQ<?)PDUs (0f?^#^ J: o Tii D^®^Wig^^|^<7) L 2 

[ 0 0 2 4 ] 

%<7>fti i^%m%%KX*ia. fcmzti&r~?M&tes l 2_a r q/d 

< (±> &<7>*j&^Jl!m£*t& <t ? fc, L4^P DU<7)$rfc> <9 L 2_AR Q 

COPDU s <7>mmUs<)Ht, Mx-t&L 2_ARQ(7)PDU s^l/^Jl/J: 19 & 
S < sS^-T&o -TO^M^U L 4<?)PDUMWL 3<7>P Dim±K*ffl# 
ifc$tl& (fragmented) J§-£K#K;££jj& & <7?T&& 0 t LT li, 

i5>4TCP^^ h©IP75^>f—>3> ( Ip fragmentation) j&^tf t> 
*l*o ^(7)^^{i, Wit If, L4WPDU^t)^77^^>b (frag 
ments) -£ti£> L 2_A R Q<£> P D U s WfeWmv^fr*^ mB0 7 y 

[ 0 0 2 5] 

1"**?^, L 2_AR Q^P D U s (IBPDU s 

) k!fck>*)<Vl3K$>Z>L 2_ARQOPDU s (frPDUs (younger PDUs) ) 
tOW^ESlJ-T^) (differentiating) ztKX*)* IB PDUs (Wx.tfBl9 + 
<7)4«<7>PDU4) ?)f?Ht£> raDPDUW#*I^)3l#t#1-4#JK1ftU^ 
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flUIH4U^^*Ji^:S**e« (degree) \± y #£L<fi, Ittft^MSfC (a func 
tion of the age) tL ("f «fc «9 IH^ 4><0fcov>Ttt «t »} \"<)1<ZM < 

[ 0 0 2 6] 

fllKOffi Lv^ifc^lwjftffij (help) L3, L 2 _F R AM E 

^v>LL 4 <7>P DU<Ag£*#£B5h?>M£ L 1 ^^n > =uv . l/>f-VK^T^ 
glj (discriminate) f4t*H, ZHb^ftW 3 *LfcSB^*ai-<r fcfc*) £ h 

^>fflJ^^J«ttP^/wJ: «9 'bSS<Kfe1-4it*WIBK44o IP^ 
y h (L3CPDU) OIPA?yii, U fJfc^L 1 V'^/i'-eaMgS 
) ^ n- K (payload) £ *) & 3 ft* i t K%2> 0 ») 

> i p^v yzm^+&fcb<v¥%to%mmrf&&.2ti2> (L2_arq<t)SI 

»)/|?*<44) \ P)\s-9 (IP router) #Tfc */i»ti£< ;u- 

[ 0 0 2 7 ] 

*ISWO|SE^rt, SeH3 ftfc 7 s - *#SB5H:# LTTO^&il <9 

(unequal error protection) ottt^ilttn'bOtf U Hl?^ £1 

[ 0 0 2 8] 

-i> K — 7 K (end-to-end) ©|3^/nfn)l/ (L 2 F R AM E 

/L3) <7)PDU(7)^131^ (transfer delay) £/J?&<1-& 0 
[ 0 0 2 9 ] 

-x> — x> K©#3©yn hn/l/ (L 2_F R AME/L 3 ) <0 P D 
U*>«5§5> ? * ( de1a y jitter) < 
[0 0 3 0] 
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[ 0 0 3 1 ] 

-L 2_ARQ?)PDU s *tm?& tz#>V>^y 7 7 • (buffer space 

[0 0 3 2] 

*I^^'^7 7 • 7^-*7^£i/^<k&i J:&gi5#j (savings) #M£T;k:£:& 
[ 0 0 3 3 ] 

mmt^-L^o 7°o hn;uc7)^m^^ ( the protocol implementat 

ions) KMth^^^t-r^fzifX^ho 
[0 0 3 4] 

[ 0 0 3 5] 

2_ARQ<75PDU s Z&tsfcMZtitzT-tMi&tfL 3 7*n hnj^f-^ . 
[0 0 3 6] 

WS 2*l^&<Mm^&<VK&yL^^'h^itlX^Z> 0 
[0 0 3 7] 

H?il%K&^tzL 1 > L 2_AR Q<7) 7°o h =r ^J^tI" if. 5eT & 0 
il<?)ynfa;Hi> ^k.hfotzfy)WfgWi (a given physical connection) £ 
J1C-CH2 c7?7d fnwf - * • 7 F^5i^fIt^f:i!)(?)ilJ^4i 
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> iS^yaf^^ (#!);<_ fi\ ±&LfcL 2_FRAME£^LL 3) 

n h njl/^-T- * • ^Sll^ifttJo Tftto^, ^2c7)7'Dhr?;v 

(i> ±&L£gijffMg#M^ARQ (automatic repeat request feature A 

RQ) £#;LT^& 0 

[ 0 0 3 8] 

0 1 <7)£ fi, ^^^ti7t^3<7)7°n fnj^PDU^ ^2<7)7°nhr? 
JK7)PDU s^<7)> 5>#iJ£^LT&&<, 1 KJ3^"Oi, -^0^3<7) 

7°n h =r;uc7)P DUKJH-&H2 <7)7°n h a )V<r> P D U s £f&S"J1-&o itUi, 
^^^^TSil^T^i^T^, ftlxJf, 55-i!l^^f-r^>^^^3(7)7 t a 
h=r;K7)PDUc7)ft^tft^ (08x.tf, 7. ^ — b • 7 7^ix> K ■ 7 7 7) £ 

•a-^^'-^n (parsing (»jtjB*f1-«>) ) £i:fcJ:»K ^3 0 7'n 
FHJKOf-^ • 7 hOflinBHt&^XWT/S (starting and end point) 
£»J«<fc? £#&T~££;}t&4)?)£ LT&J:v> 0 
[ 0 0 3 9] 

(transparently ) $<9$H, -f%fot>, ±4fcW-V«>»iB ( conte 

xt) -?T-9tft*<7)£ i *X\t*hfr£TtiLls 4 VtittoKLti:^ (<* 

livious) % fci,>$&tt<05/X:f AfcoMSfcfflit"?*!}, #iLl-i>Citl) 

<?> o 

[ 0 0 4 0] 

7>r y 7°S 2 fcfc^T, H2<75 7°n h 3]K7)PDU s fc^jefcfc* 
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[ 0 0 4 1 ] 

**>0fc, 7f^S 3 K£wTfi> loXfi 2 o&±o*J&Se*> U 

H^PDUs Srfl^lLfc*^ ^U-tftoTSgSg-fAtv^teffiSrJIttl-ift 

•;^S4Ci3i/^, -(^^f^'J-tpOPDUstMLT, flfeo* r^D - K Js 

±HL 1 t Lt/^L/t^^IU^t^Sfli (known physical layer imp 
lementations) £j3l*T?Tk*tTV»* X i fc£JBH4l"*;i'£Kig-t-*o 
[0 0 4 2] 

*>> -i<7)i30yn h3jK0PDUClt^l2O^D f-3^PDUsi:o 
^T^Iilttl'^fl>*2fe*fc£>*7 k :fy- (certain categories) 

[0 0 4 3] 

BMtiU »3 c7)7°n h rr;K7)P DU (08x.tf, L 2 _F R AM E £^ L L 3 <0 
PDU) ftmRWBI-CJ|)&iI56to^TO±aLfcMJK*»*1-*, ±K£*JB 
StoJ:!}ff*L^<b«> (preferred version) £5}^ LfcHT***, X^^K 

[ 0 0 4 4] 

H 4 fdU BESeft ( a 9 iven i™ber) ?>L2_ARQ?>PDUs fc$HRl $ ftfc- 
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®<DL 2_FR AME^)P DU**LTV>*o ^£*?> L30PDUJC 

<OUr^') -^x.<btlT ll^^f^'J-^IMitGPW (the Ce 
neral Protection Window) £ ^ j^o, i2^*r^'J- S P 
W (the Special Protection Window) t^^o 
[ 0 0 4 5] 

#ai«a»S PWfi, — 1H<7> L 2_FRAMEOPDU*>fc*fcaHg3*lJ: 9 
fcLT^**» ( las t) (H&fiO^Tffitt'bifeft) L 2_ARQ<7)PDU£l?r 
tf> Si-i<DL2_FRAME^PDUCi^L2_ARQ<7)PDUs^, £ 
^L^v-^-VT. (consecutive sequence) -fcji^JH^ t v> 7 ft £ri^£T5t 
^Ltz^-^y^-h LXfcmZti&o tzfzL, SSt^^ttLt, S PW 

[ 0 0 4 6 ] 

ilfltffcSSG PWIi, -flOL 2_FRAMEOPDUOfc*fc2Hg3*U: 9 
fcLTv>*ft*J (first) ^ l 2 _A R Q<£> P D U *-£tr > i!5i&HBOL 2_F 
RAMEOPDUK#4L 2_A R Q<7> P D U s <D> a«L*:V--Jr 

[ 0 0 4 7] 

SPWWXli, — 5e<7?fg. fl|;Ltf, L 2_ARQ<7)RTT(7)f«tCji^-r-i> 

it*«-e§4ft^)L 2_ARQ<7)PDU s Sr^tr^MX (Iftftiitf, RTTt 
L 2_A R Qc^fijiil^co® (the quotient of the RTT and the L2_ARQ trans 
mission delay) ) fcfcjJIIHlrf 4 0 GPW^^MXfi, UISPW^M (com 
pi ement the initial SPW) i:«tS a -tfcfc^ SPWtGPWW^ 
£*L 2_FRAME<0PDUK#S£1-*J:$K1-* O GPW^t'f X{±, M 
iKSgtiittLTU^e *OS§£\ GPW^f>L2_ARQ(0PDU^ 
S3l#1-*fttSPW^iroitiin1-*ii:K:*4o flK&»Stfc LT»i, GPW 
WWXji, -Sco^^fit^ t\ GPWOL 2_ARQ©PDU©WaMf«>*fc 
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5efc«o££fc % ftfe»li:SPWtGPWOL 2_ARQOPDUOi?SfiOflt 
Kl1*oi#jni3«o 
[ 0 0 4 8] 

SKjgHW (History Window) fcs£fc-ra 0 aflg&HWfi, l»ffiHi<G 
L 2 _F R AM EcOr — 9 • MiJH" &L 2_ARQ(7)f-^ -a-^ 

£M1-&MOBtM4^^;l£ft&!$£ (a given point) fcfc^Tfc&fcaHi 
LfcL 2 _ARQ<7)PDU L 2_ARQ^)PDUs«Lfr>-^> 

[ 0 0 4 9 ] 

G PWtOf*lf*l^L 2_ARQcOPDUc7), L 1 Xn h a;i/«HgJK14l"S 
JWi\ ^j^Xn h 3X/tit1-*a#«MlB^ *-XA (general protection a 
captation mechanism) £ «fc ot^f^ 0 iiftfi^iltS;* *iXAb>? 

^*-XASrJg-r 0 £0* *-XAMU %tl?tl<DL 2_ARQ<OPDUi:#t 
^flttl^^^ Ztl-FiWL 2_F R AMEOP D U (£^LL3<7)PDU 
) l*lW^tI«'aiL2_ARQ(?)PDU^*T^5 (holds) ^tfifcH 

?£& >K *#&&L 1 Xn h n/MijfcCTfefcfcfl, 7*-? • 

[ 0 0 5 0 ] 

*HKK*^Ttt, S PWKttLT#MliSJS^ #-XA (special protec 
ti on adaptati on mechani sm) % -f & t # £ , £ fl>#JS0 tfcliSJfc ^*-XA 
IUoTS PW^^moL 2_ARQOPDU«HB»14l"*JI'*flWEl-« 
o #»!H*»atB^*-XAtt, S PW + OL 2_ARQOPDU*?fSH§Lfc»t 
JuffcfcfcHM (probability) *-&/Mt1-&m% *fiu», £;|t£#g&fcM 
*?I (required transmission resources) (fllx. *5*/Mfcfc#L 
T£j®I (balancing) ^oo^^i^ 0 *Jt##x. (a given 

criterion) j-j; 0 Ti2«3?fc*4 S Mt (il^^f^S 3#ffi) 
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> S PW«fc7)L 2_ARQ(DPDU s KttLXL 1 <7)#jHt4l^^£±tf £ (M 

\f&Zb ^o^Tcom*(i, ff3I#1-£^<7)&&G PW+^L 2_ARQ<7)P 
DU s^MKJ&CTjeMo P0x.tf % ffMM1-&#g<7>&& G PW^^L 2 
_ARQ(7)PDU s <^®gcrt 5 ^ ^IfiiJ: >9 S PWK& 

it&Mfl'ltl^^SrG PWK£*t&<7>£|5j$l<^ *-XA|; J: otllL (H 1 
4 , oxt^7'S 5#hs) ^ -H-Cfcv^l^ctt, S PW^*tt^#»u^;w^ 
G P W^'fHfl'ft ^• / ^H-J£ / <T±lf & £ «b (® 1 ^^r^S 4#HS) 

^*-XA|:iLTfr^#| (factor) \z X *) #flt4V^^$r±#? « £ <b 

^&&#tftKfc#J;b£>-f\ #L 2_FRAME4^L#L 3^)PDUO» 

fo»IKafciL2_ARQfl!)PDU80, BE 5e -fc > r - v ( a g iven Pe rc 
entage) *>#flH4i^;i/£ I V) ft < WLfctk , 

[ 0 0 5 1 ] 

tuutu±\ 5-«*fT smut* ijniiifstLij&T^y-Kfto-ciejfitti^^^ 
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fcfH&flOWU L 2_ARQiDPDU^ L 2 F R AME (fcl^L 

L3&^LL4) ^PDUOfcl^ftl&fcfcMfcittllfc, WfcL"CV*o 
[ 0 0 5 2] 

iOJ:^, ±K*JWBJBUi, HIOL 2_FRAMECPDUKIL , CI>* 
^-^r>X<7)^*5t5 fcjfe* L2_ARQ(?)PDUs LT#fllfcfilft*»£fl9 
Hitffl (potentially applying) 1-&#f££il&U «fc otl 3 £: HJ|# 

[ 0 0 5 3 ] 

3^0, -flCPDU-eioTUv. iftKLfc^oT^aiftlgS PWXO 1 

M^&GPWOSe^ii, L 2 FRAMED v^LL 3^)PDU^b^:L 

4(^)PDUi:I^< ^t^o «f* L< WU fflr&altireattc&t** «fco fc, 
L 4^)PDU<7)i^fe«9 IC#4L 2_ARQc7)PDU s<?)MfIttl/^;i/{±^ ^feffl - 
& L 2_A RQc7)PDU s Ol^JVJ: <9 < 1&5e1-&o itlli, L4<7)PDU 
£-«<7>L 3<7>PDUiiJl±^a^b1-*^H^^T#^^r^-C^,* 0 L 4 (7)P 
DU S<*n>kt9>4 I P77^ Vf->3 i<7)-Wt^J 0 ^O^, M 

llf, L 4<7)?VV<D®rt>y)?)l5<D7yy* y MiJR-f*, ^ti<bL2_ARQ 

[ 0 0 5 4 ] 

»J|ite^7n-lN3p$rfi|JB-r*i:#fc, L 2_A RQ«7)PDU s £^tf5cH?ti 

^ * n ^ s ^iiT & 1 ^ ± & <t> mis k «■ wt & <b t * & o & r n wit 

> WCPDU 8* , IZ»I§*L4 , f , -^fl|jt* l 3HS»-C*oT±fi:i^>r-Vfl!)PDU 
[ 0 0 5 5 ] 
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£art-4M«H#-*-i»ftiHtt, M#LTV^L 2_ARQ tl^^(7)tO<7)ji# 
»fci3»t*IBV*L 2 _A R QOf - ? • h <?)W£M^tt LXmmW.*vf 

^N^IfiSW^lIM^*^ P DU s COUT, L 1 <0&Wm\"<fr 

[0 0 5 6] 

frK$>& L 2 ARQcoPDU s (ISPDUs) fctefo L 2_A R 

QOPDUs (UrPDUs) t<^MSrl25iJ1-«>ifcKJ:oT^-r*it<)-CS 
* 0 IBPDUs (^!lx.}?ll9 4'C0PDU 4) £>ffji#fi> lUCPDUO 

« l^^JHC J: oT*$*L4o T&fr*>> St^OPDU (W*.tfB 

9 4-OPDU4) toi^li, lHIloff]aHg^'g)«ttU'^^4rft«jo3HStW 
1-4#«14W*n/J: «9 ki^<t££U 2Hlg<7)ff^#lcM1--&M*I'ttV^^ ! Sr 1 

El 9 L£$]OJ#fflK£^TIdu P D U 4 Co^t^flttV'A'ji' 

^^tJDti. PDU 5 ^ov^T^#fI'|4V^;i/^ifjD<t *) ^l^^^jrSo 
[ 0 0 5 7 ] 

Oi#2)D<&flJ£"C&£o ) ^*/il«btLT^4^M€^rtOP DU s flg9 4»<a£ 
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[ 0 0 5 8] 

±&L£^»iU::33^T(i, L 2_A R Q<D P D U s ZfrMt&mMK ^ 
[ 0 0 5 9] 
[0 0 6 0] 

tiLHSiit LT, L2_ARQc7)PDUs £^"tf£ft? JtTtf 1 '- 

Ltz±.&<D%M&m<7>m-&\z\$^ ^<or-? -zL-yVZU 

fehyy^^TUy 1-&=b^ ilM-f&t'y h . * HJ-A (bi 

t stream) ^ LT$t9#B IttLTU^o fc/iU -o<7)y^ r A Kjsi^T 

(i, mm^itX*&2> 0 Z flits "sZT^*£y)mmti-2>z\kK^ti:tfZ> 
[ 0 0 6 1 ] 

ti, ?tl£7"-?M£L 3&^LL 2_FRAME<7)PDUt1-& 0 

/:/:U ^SS^M^L 2_FRAME&\^LL 3<^PDU^II^ 

frklfcfry) t Km%-t&i><VX~te%< , J^IEiigKH?^ ZtlhffL 2 FR 

AME^i/>LL3<7)7 , of n;K7)r- * • jx^.-7 h cOjl^l"^ ^ ^ f? L 
tTy h<^&&$EB (different ranges) fc Mfc-f* "bofc fcoTV>4 0 - 1 c lc 
v^f&UMi, eS^JB*fc^9iI^*^JI^L 2_ARQ<75PDU s ^ii^c#^- 
(a consecutive number) ^ft-TftftJS^S &<7)-C&£ 0 

[ 0 0 6 2] 



(30) ^2 002-5 28 9 5 9 

-lis -^O^-Y n— Ktc#& i><D~C$>2> t K~?& 0 
[ 0 0 6 3] 

[ 0 0 6 4 ] 

^,0 f 7'D hn;i/c7)|a ( communication standard and protocol set) UMLTiii 
[ 0 0 6 5] 

CLtf^ftftj&FlH:: j3^Tfi> SNDCP (Subnetwork Dependent Control Pro 
tocol) £^ y r 7- ?#L 3 KfcHSU LLC (Logical Link Control ( 
»3ffi'J>*IW») ) ^L2_FRAMEt:ML, RLC/MAC (Radio Link 
Control/Medi urn Access Control (tefay y ?WM/Wkik7 9 -b^ffrjfp) I GS 

M0 4. 6 0^t&-eSEft^*LTv^ o ) #L 2_ARQi:Jt)SL, PLL 
/RFL (Physical Link Layer/ Radio Frequency Layer (!$jg|'j y ? • l^-V 

/MUi&&W-Y) ) #L 1 tans-*-*. 

[ 0 0 6 6] 

H5{i> GPRSOff^ (background overview) fc^.*.* fcOTfc* 
o i<^Hfi> h7-^ • V^ftlT^GPRS^felT'L'-V (transmissi 
on plane) £^LT^& 0 G P R S * * r- 7-* fcfM&JSM S (mobile station 
) fcoHo&SitfcMtt. Mlttft'j >^«tlXO r 7*-^ • V (physic 
al and data link functionality) ^r^tyj&^o BSS (Base Station Subsyst 

em (SiftJS^r^^f A) ) cMS fcOMTWt, f-* • V • W^ s 2o 
OSlHBo^:/- W ^ (two distinct sub-layers) : LLC W •V&tFR L C 
/MACcO-tT* • "V ( tn e LLC layer and the RLC/MAC sub layers) l/ifrfflL 
3*lT^4 0 2 o<7)L L CiVf -f r -f (LLC entities) oHflTiSM? *L* « 



(31) ^2 0 0 2-528 9 5 9 

gcDPDUs (variable length PDUs) \± y LLC71/-A bVfrl£tl& o RLC 
x^f^T'f (RLC entities) mx ~<7)T- nT^-*M £<D R L C 7u y 

? (variable size RLC blocks) \z&^Xftfc>tl& 0 
[ 0 0 6 7 ] 

mMJ y ? 7 z.tT<n$i)mM%fcm<7)tzit>K, llc^pdu^ @6i: 

«9 . nm^*RLC7uy ?<7)U^)VTmTt&Zttimmt/2<>X^2>o fly 
RLC7uy? (erroneous RLC blocks) ^ff^fi, il^ftA RQ* ii=-Xh 
(selective ARQ mechanism) DTfWIlp 3 0 RLCyn^lik 1S<7) 7* 
n^^SfO" (window size) |*j-ef£j£ ? tl£ t ^li^TOK- 
NfACK/NACK (acknowledged / not acknowledged (^#<7)tfrg:/#£# 
OJ&^) ) ;*y-t-v£M&o ACK/NACK^^-b-y* 5 If)tl^tt:> # 
ACK/NACK^ y-tr-vli, ft]ibStl£7n y "C^iE L < £ *l 

g^l^^lf y h vy 7WJffl £;}t& 0 *Mt~? (outstanding data) co 
£'Hlfr§Pfc«i: *K $ (sliding) t&ZkKK&o LLC^P 

D U i:*f£t^ t^TOR L C 7*o 7 ^ ©^1% L^^i:, %<DL LC<D? 
DUfi±te W-fK@£# (delivered) £tl& 0 

[0 0 6 8] 

R L C<7)#7'n y ? Zfcmt&tztb, 2 ^(D^^^yT 1 t 4 (two peer e 
ntities) ^ffl KliR L Cm mfim&Z tl&o ^tl-etl^R L C <^J-> K-*V 
>h (end-point) j*, RLC7'D^Hft^^fHtRLC7D^^i 

l"C£v. -etl-ftlOiV K- > r<7>£#^f*£'ft£ (receive wind 

^tL(^<7) 2 o<7)&£iiCTf|flJ®]S tl^o 
[ 0 0 6 9 ] 

V ( S ) rt^HM < ( th e next-in-sequence) £ RLC7n^<7)y 



(32) ^2 00 2-5 28 95 9 

-7->7#^-£^U V (A) i)K *Q>m$b*><OK.**Xitfe£fel&& (Posi 
tively acknowledged) £ JtTuftuft'blH^f ~ 9 • 7*n y ?<D7u y 9 • ~s 

^.••j-^X (the block number sequence length and the window size) £H1- & 
OT** £1-4 fc, lH&f*, V (S) = [V (A) +k] modulo n (n£& 
£LTV (S) = [V (A) +k] ) Oifcfc, *i*1-*flri6tt*«*4 OBrfcfc 

[ 0 0 7 0 ] 

> * 7 x - * ± X R L C y 9 £ j£1" 4 * ^ h flX ^ 4 

[ 0 0 7 1 ] 
-efeii1"4 0 

[ 0 0 7 2 ] 

-7D-.7*n-y^ (a flow block) K£tt£^££ fu y ^^fc&^ff&tf 
ft-%imm £ m ^ X fcMr * * )V(D^M\Z jgjfc X § & X 7 K -t £ ( Li nk Adaptat 
ion (ij "-A) o 

[ 0 0 7 3 ] 

[ 0 0 7 4 ] 

iif, GPRSt|WLTft*fi9*MJB*KW1-*o h (fllx_tfLL 

C71/-A) HMT4i> — x> K^ilSUi, MM^^y 1-9X&& 
o ffSHiS*i^:^<o^07*n5'^*^ri-4LLC7V-A»i, **i£>offaMI 
&iDlftftiI]£££C&££#&£o L L C7 A <?>1 

C 7 U - A©» ») o 7 ^ LTV>4PII»: N A C Ksi«$f S i t C 
%Zt%Ky mkWuy *<02&#<BTC&fcv>LlffifcgiJ 7D 7 * (4-4^ 



(33) ^2 00 2-5 28 9 5 9 

jfctffcfcfr^o ffi^r s L L C 7 l/-AOft^#yn ? ^ L4itKlf 4 

L L C M^^7 fcfcil® Ud s ot, WMIi* £ 

[ 0 0 7 5 ] 

EHgj&li, V (S) = [V (A) +k] modulo n<?)tZK&&i-Z> (±t Z 
) o V (A) li\ ■^g^j£«r*«5*LTV^V^*<>|Bv>RLC«>7'-^ 

its (iksbbtiz) z.tK%2>vSntm'£ *)m<%%>, t^o 

[ 0 0 7 6 ] 

♦ftSeiiitf, -LLC7U-Ai:mi4J#RLC7*n y *fc^L- 

■C2M!1-*£fcJ:U &2<a*--*-ctt, jaHgg*£2K3**7n 7 * SrflfeOT* 
"more protection" ) £ l A<7)7 ;P=f 'J X A J: 19 &5c? *l*fiigfcJt'« 
[ 0 0 7 7 ] 

ll^)^-7>, l-ftfr*,, LLC7V-A^)il**>«jmfe4yny^*J:ijfiia 
uy 9*&*)<o-7uy 9 mmt (coding) ) LTj£#U £*l 



(34) ^f«2 0 0 2-5 2 8 9 5 9 

mi$s %<OV4 •VfcfcRttK-flMtTfci Mz.it, (* y h7-7- 

PDU (network-PDU) i(;^<o^LLC7k-A^^i^) 0" 
n a series) ©ff^LL C 7 J: 19 LTigMI" 6 Z. t h 

O 

[ 0 0 7 8] 

Ztl*m7 K7jkLtzM*^mtZ>Z.tK ZiXMWt&o A C K/NA CKO 

(i> L L C 7 ]/-^<Dmmffifr^&&W: } 0 7*o y^^ff^/D y^^ItCff 
SM?tlTV^ 0 ^r-7 (B) KfcHTWt, ^(^7n CSotV>S 
(went erroneous) fc$> % LLC7W-A©£^-^ (A) KJfc^T 3 7n 
7^^>HI!NljiSI$tLT^*o 7"-7> (C) Hfci^Ttt, »2i^)/n^^ 
•fc^ff-ttt (more coding) $ ftTEMg S *IT£ "9 , ri>o % i^;lotv^7' 
ny*<ifci/> 0 fcrtfU #lL#^ii:i:Lt, SJHHtotfwt-^y K (codi- 
ng overheads) *) ^-o©7*ns»^^j|f HTv^o fl^-fltf)*- /<- 
K^i/^VMfcf'eioT^ (C) K&^Tli4--7 (B) fcfc 

^> CI <h "C & o 

[ 0 0 7 9 ] 

Kfc^Ttf, V (S) = [V (A) +k] modulo n t ^ i &$z&4kf$ (window 

stall condition) ^t )> (f£oTg#7!> ? S • yu-<0W 

^tmtm^tm'm.Ln^c z.<om&&. m&K&^x (a) ^sb^k = 4 

^o n =8UTW*LtiJ, ACK/NACK^fflWU, fHit4 7*ny^ 
[ 0 0 8 0] 

(B) Og&frffi, /d-;M^ iottf ? Ji, ^o, #*OCOACK/N 
AC 7-b- v^E^tS^^tLT^io 7l/-A£ftli, 7 7*ny7?)£g 
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[0 0 8 1 ] 

>r-7s (C) THU /n-^ffisa's^ioT^f^tLti/^o 7D-o 

HSr*), itLH £ toTH84 I 0 (C) *>gS5frfcfcLT*4 J: n Ky U-Aofrg 
[ 0 0 8 2 ] 

[ 0 0 8 3 ] 

Ko^TIi, (E) <D3frKM*Ltz X 7 fc, ftl^fDOlf^f) J: 19 «a 
3 *Lft«|fiJSr 4 ot (with more protection right) j£^-r& d £ t 

-e§ So 

[ 0 0 8 4 ] 

IWfclf-r* ot\ «H*#JIST4£i:*MLrt:'b*>-e 

[Hi] *nw^)»siia-c*4o 

[12] iUfflWi^D h • 7 ? £^L£H-e&& 0 

[0 3] B2Hjj*Lfc:/n h ? (Protocol arrangement) c^it 

[0 4] ^^-^Ili^UJt^o 

[H5] #^07'o h Jl/C0f£M7°l^-> (transmission plane) 
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[0 6] ©4HflR tefc* * L & o 

[0 7] L L C 7U-2»<D&mwm±<V, 7D-7^X7-^| (the 
impact of block errors) fr^Bft LfcHT2b* 0 

[0 8] LLC7l/-A^I±-e(?), RLCIM^d^^x?- 

[09] a*fi©7D-«||||:^v>T &#£i£"f 4 MJB * »9J L fc B 
~C3£> -2) o 



^2 00 2-5 28 95 9 



[HI] 
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TRANSMISSION DELAY PER L2_FRAME PDU 
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[H6] 
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[H9] 
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[taB] fil2^10^20B (2 0 0 0. 10. 20) 
[ZmiJE 1 ] 

imtMl] §15^12^11^0 haA/ ( L 1 > L2_ARQ) 
SfSTJboT, fltrfE^l^ii#7'n hrr;k (LI) It, W3Etttt£ft&aC£ 
mtm2<D7u hn;i/ (L 2_ARQ) <or-9 ■ h <75fcj§£^&1-<S> 

«!)«J*4il)^i:, mUm2<D?u h djv (L2_ARQ) ?)f-? • J. 

^2<7)7°n (L 2_A R Q) Wt, f 3©7'd h d ;u (L 2_FRAME ; 

L 3) <DT-9 ■ J-~y Y<T)mU%2 <7)7°n h 3 ;i/ (L2_ARQ) <7)r- 9 • 
h^cofrtU: hi! 2<7)7° n (L 2 _A R Q) «f-? • h 

M#j^j|jnaS2 ^7°p h (L 2 _A R Q) <D5-x_biMz.7 t -9 • f-£ 
-7 f^If&^'fflit^lT, mTia^l^T-n ^jv (LI) <7)Wftl^^ 

frlSH2<7)7°n h=r;i/ (L2_ARQ) ^)f-^ • h £-£tf5e^3 

r-tmik (L2_FRAME^)PDU; L3<?)PDU; L40PDU; SW) 
Km-fhmi%2<D-7u Yu)V (L 2_ARQ) ^fl^f- 9 ■ ^.-7 h £ 

UrffiSltSttfcf-^flJji (L2_FRAMEOPDU; L 3 c7) P D U ; L4 
<7)PDU ; SW) KJS1-*llirSE#2<D:/n (L2_ARQ) <7)r-? • a. 
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Kit (L 2_FRAMEOPDU ; L30PDU; L 4<7)PDU ; SW) i:It 
*lrfE&2 (^yn (L2_ARQ) ©f-? • A-y h^M&tf/Xli 

oTESiJStl& 

3 ] at*£ 1 x»± 2 *^t, 

lfflSE£ft3*lfc7 f --*fllii (L2_FRAME(7)PDU; L 3 P D U ; L4 
WPDU ; SW) it, |tJ!£^3^7 e n hrr;v (L 2_FRAME ; L 3) Of- 
* . ,1^7 hfci/>Llit!Efc3tf>7n J* 3 ;KZ>±c>7*n h (L 4) <?>r-? • 
y hX$>2> 

»lX0 J *2©*r=r , J- (GPW, SPW) **J&5e3*i, mrlfi^iS(7)MJ(i 
> fTlS^l (DiJT^V - (GPW) fjfe^3^7"n h=r;i/ ( L 2_F R AM 
E ; L 3) <£H@<af-* • t* ^Ji1-&irlB^2 <Q?v h (L 2_A 

RQ) <OWBi<DT'-9 ■ A-y h tiffed 2 ?) 7° u hn;u (L 2_ARQ 

^)f-? ^o, mtz^2<oiJT - (spw) sir 

!£t&3e>7*n h (L 2_F R AME ; L 3) OKE-i©f-^ • >3--7 h 

HJK1-4«flB*2 0^D h ajl/ (L2_ARQ) oSftOf-^ -a-y 

tf, HfrlS^2<?57 P n h (L 2 _A R Q) feji^Jtm t ^0 MtifrhfLX 

9 fcTSfclllT** 
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- (spw) vr-? -j.-? h<Dfem&\"<}i"k, mmmttzmmzmcti 
zftb^Bm^mmmum i ^)*r^'j - (gpw) ©f-^-a-^n: 

[St*£ 6 ] If 5 fB*<&flMt£1tfc* v>T\ 

t»ffi»fjeo*#ii, sjami-a^s^iWffiiSio^rrf'j- (gpw) ^ 
irfB$HB<&«nm, frfeff§3c7)-/n (l 2_frame ; l 3) ofrie 

— iOf-^ • J-~y b<Di&J6E't&* fry h&</>Ltf v h <7)^&&3!J*<7)li£H 
tiiL, mTiaiEH(i> fllrieS2 07 p n h n/u ( L 2 A R Q) cT), Bmvnm 

[fit*:® 8 ] st 7 E«^a«iin*v>-c, 

I3©^n h n ;w (L2 FRAME ; L3) OfTfBHaOT*- * . jr- y h<7) 

^y^KMIU d>o, flME*2<0*r=fy-li, i3^^o hn;w (L 2_F 
R AME ; L 3) OltJie-lS^r-^ • i-y h<^>f n- KKMjI-*-* 

^ ^ £ > mistiaw * m c ti z n h <d fcrn^mmfrmi m 2 <d * r * »; 

1"* J: 9 fcfllJ*3*itV* 
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mrie^2c7)7'n (L2_ARQ) li, 5e^S *t/dS&Oil^1-&* * r 

7 Lf7 (SW) t Ltfflv^ b%K, m%^2<D-fu 

(L 2_ARQ) O*$M^^60t"- 9 • ^-7 h <7>f^3 tl&m&tffftUm^ 

ttffij6«3ftfc7*-*AMi (L2_FRAME<7)PDU; L3<7)PDU; L4 
OPDU ; SW) fi> fflrSB2HB& (SW) -C^> ♦) > 

mtfrm^mm, m& (sw) n*»t*ffiSso f /xiiiirE»2^7*n h 

(L 2 _A R Q) O^x.htltir-9 • h<&ff£1gOllft£IHIft** 

Il«ynh3^ (LI) H, imttfc®4£*&£fcllfrSa£2<&7 , n h =r>u 
(L 2_ARQ) <*>t*-* • 7 ><7){5^^i : 3li-^7t*f)OmilJ^^-^^ k& 
£> mzm2<D-?u (L 2_A R Q) Of-* • J.-7 h LT 

4?* < t =b 2 o^f|&£>#$It£l^;v ii&fB&2 c07*n h (L 2_A 

RQ) »i, I3^ynh3jv (L2_FRAME;L3) Of-^ • A-y h <D 
mtm2<D?v h=r;u (L 2_ARQ) Of-^ • h^^SJifltlE^ 2 

?)7°n 1-3^ ( L 2 _A R Q) <Dt- 9 • hOSEHS £ fcov»T*>ftfl!l* 

BtrlEH2 07°o hajv (L 2 _A R Q) Of-^ • J.-? h *^tr *Ufc 
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7-?m& (L2_FRAME(7)PDU; L 3 c7) P D U ; L 4 <7) P D U ; SW) 
^I1-i>fltrlfi^2<7)7'n h 3jp (L 2_A R Q) ^}l^f-?>a-yf^ 

, (si) h 

mrlE-r-^flljt (L2_FRAMEc7)PDU; L3(7)PDU; L4<7)PDU; 
SW) KM>-tZ>mU%,2(D-7u hruv (L 2 _A R Q) tor- 9 • b£> 

5HiS^ (S 2) 

^***r=f'J^H^$*L^ffiriE7 !f -^fll3t (L2_FRAME<7)PDU; 
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